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EXECUTIVE SUMMARY

In 1998, the National Marine Fisheries Service and the University of Washington com-
pleted the sixth year of a study to estimate survival of juvenile salmonids (Oncorhynchus spp.)
passing through dams and reservoirs on the Snake and Columbia Rivers.  Actively migrating
steelhead smolts (O. mykiss) were collected at Lower Granite Dam, tagged with passive inte-
grated transponder (PIT) tags, and released to continue their downstream migration.  Steelhead
(hatchery and wild) were PIT tagged and released in proportion to the number arriving at the
dam.  We did not PIT tag any yearling chinook salmon (O. tshawytscha) in 1998 because suffi-
cient numbers for survival estimation were PIT-tagged and released from Lower Granite Dam for
the Transportation Evaluation Study and from Snake River Basin hatcheries.  PIT-tagged smolts
were detected at interrogation facilities at Lower Granite, Little Goose, Lower Monumental,
McNary, John Day, and Bonneville Dams.  PIT-tagged smolts were also detected using the PIT-
tag trawl operated in the Columbia River estuary, and PIT tags were recovered from bird colonies
in the Columbia River estuary.  Survival estimates were calculated using the Single-Release (SR)
Model.  At McNary Dam, we evaluated post-detection bypass survival for yearling chinook
salmon (a test of a SR Model assumption).

Research objectives in 1998 were 1) to estimate reach and project survival in the Snake
River throughout the steelhead and yearling chinook salmon migrations, 2) to evaluate the
survival-estimation models under prevailing operational and environmental conditions in the
Snake River, and 3) to estimate post-detection bypass survival for yearling chinook salmon at
McNary Dam.

This report provides reach survival and travel time estimates for PIT-tagged hatchery and
wild juvenile steelhead and yearling chinook salmon in the Snake and Columbia Rivers during
1998.  Estimates of post-detection bypass survival for yearling chinook salmon at McNary Dam
are also reported. Results are reported primarily in the form of data tables and figures with
minimal description of methods and analysis.  Detailed information on the methodology and
statistical models used for this report is provided in five previous annual reports on this study,
which are cited here.

Precise survival estimates for most of the 1998 steelhead and yearling chinook salmon
migrations were obtained.  Hatchery fish (78% of steelhead in the analysis and 83% of yearling
chinook salmon) and wild fish (22% of steelhead and 17% of yearling chinook salmon) were
combined in the analyses.  Estimated survival from the tailrace of Lower Granite Dam to the
tailrace of Little Goose Dam averaged 93.0% for steelhead and 99.1% for yearling chinook
salmon.  From Little Goose Dam tailrace to Lower Monumental Dam tailrace, estimated survival
averaged 88.9% and 85.3% for steelhead and yearling chinook salmon, respectively.  From
Lower Monumental Dam tailrace to McNary Dam tailrace, estimated survival averaged 79.7%
and 91.5% for steelhead and yearling chinook salmon, respectively; and from McNary Dam
tailrace to John Day Dam tailrace, estimated survival averaged 83.1% and 82.2% for steelhead
and yearling chinook salmon, respectively.  From John Day Dam tailrace to Bonneville Dam
tailrace, estimated survival averaged 93.5% for steelhead.  Survival could not be estimated below
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John Day Dam for yearling chinook salmon because detections in the lower river were not
sufficient.  The overall estimate of steelhead survival from Lower Granite Dam tailrace to
Bonneville Dam tailrace was 50.0%.

At McNary Dam, post-detection bypass survival for yearling chinook salmon was 94.8%
(s.e. 2.65).

Analyses of relationships among survival probabilities, travel times, and environmental
factors will be published at a later date, primarily in peer-reviewed journals.
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INTRODUCTION

Survival estimates for juvenile chinook salmon (Oncorhynchus tshawytscha) and
steelhead (O. mykiss) that migrate through reservoirs, hydroelectric projects, and free-flowing
sections of the Snake and Columbia Rivers are essential to develop effective strategies for
recovering depressed stocks.  Many current management strategies, however, rely on outdated
estimates of system survival (Raymond 1979, Sims and Ossiander 1981) that lacked statistical
precision and that were derived in a river system considerably different from today’s (Williams
and Matthews 1995).  Knowledge of the magnitude, locations, and causes of smolt mortality
under present passage conditions, and under conditions projected for the future, are necessary to
develop strategies that will optimize smolt survival during migration.

From 1993 through 1997, the National Marine Fisheries Service (NMFS) and the
University of Washington (UW) demonstrated the feasibility of using three statistical models to
estimate survival of juvenile salmonids tagged with passive integrated transponder (PIT) tags
passing through Snake River dams and reservoirs (Iwamoto et al. 1994; Muir et al. 1995, 1996;
Smith et al. 1998, Hockersmith et al. 1999).  Evaluation of assumptions for these models
indicated that all were generally satisfied, and accurate and precise survival estimates were
obtained.

In 1998, NMFS and UW completed the sixth year of the study.  Research objectives were
1) to estimate reach and project survival in the Snake River throughout the yearling chinook
salmon and steelhead migrations, 2) to evaluate the performance of the survival-estimation
models under prevailing operational and environmental conditions in the Snake River, and 3) to
estimate post-detection bypass survival for yearling chinook salmon  at McNary Dam.
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METHODS

Experimental Design

The Single-Release (SR) Model was used to estimate survival for releases of PIT-tagged
yearling chinook salmon and steelhead from Snake River Basin hatcheries, traps, and from
Lower Granite Dam in 1998 (Cormack 1964, Jolly 1965, Seber 1965).  Iwamoto et al. (1994)
presents background information and underlying statistical theory for the use of these methods in
these settings.

During the 1998 migration season, automatic PIT-tag detectors (Prentice et al. 1990a,b,c)
were operational in the juvenile bypass systems at Lower Granite (RKm 695), Little Goose
(RKm 635), Lower Monumental (RKm 589), McNary (RKm 470), John Day (RKm 347) and
Bonneville (RKm 234) Dams (Fig. 1).  Further, the majority of PIT-tagged fish detected at dams
below Lower Granite Dam were diverted back to the river by slide gates (rather than being
barged or trucked downstream), which allowed for the possibility of detection of a particular fish
at more than one downstream site.  (Most PIT-tagged fish detected at Lower Granite Dam were
transported for the multi-state comparative survival study in 1998).

We used records of downstream PIT-tag detections in the SR Model to estimate survival
in the following reaches: from the point of release to Lower Granite Dam tailrace, from Lower
Granite Dam tailrace to Little Goose Dam tailrace, from Little Goose Dam tailrace to Lower
Monumental Dam tailrace, from Lower Monumental Dam tailrace to McNary Dam tailrace, from
McNary Dam tailrace to John Day Dam tailrace, and (for steelhead) from John Day Dam tailrace
to Bonneville Dam tailrace.

Lower Granite Dam Tailrace Release Groups

During 1998, steelhead were collected in the juvenile collection facility at Lower Granite
Dam, PIT tagged, and released to the tailrace.  Methods for collecting, tagging, and releasing
steelhead were the same as used in past years of this study (Iwamoto et al. 1994; Muir et al. 1995,
1996; Smith et al. 1998; Hockersmith et al. 1999).  Steelhead (both hatchery and wild) were PIT
tagged in approximate proportion to their arrival at Lower Granite Dam throughout the migration
season.  No yearling chinook salmon were PIT tagged specifically for this study, because
sufficient numbers were already tagged and released from Lower Granite Dam for the
Transportation Evaluation Study and because large numbers were tagged for other studies
upstream from Lower Granite Dam.  Steelhead and yearling chinook salmon that were tagged
above Lower Granite Dam, detected at Lower Granite Dam, and then returned to the tailrace
were combined into daily “release groups” according to day of detection at Lower Granite Dam.
These groups were then combined with the fish tagged and released each day at Lower Granite
Dam.  Daily tailrace release groups were then pooled into weekly groups.   For these groups
leaving Lower Granite Dam, we estimated survival from the Lower Granite Dam tailrace to
McNary Dam tailrace.
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Figure 1.  Study area showing release and detection sites.
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McNary Dam Tailrace Release Groups

Steelhead and yearling chinook salmon that were tagged at any location above McNary
Dam, detected at McNary Dam, and then returned to the tailrace were combined into daily
“release groups” according to day of detection at McNary Dam.  These daily tailrace release
groups were then pooled into weekly groups.   For weekly groups leaving McNary Dam, we
estimated survival from McNary Dam tailrace to John Day Dam tailrace (both species), and from
John Day Dam tailrace to Bonneville Dam tailrace (steelhead only, as yearling chinook salmon
were not detected in sufficient numbers below John Day Dam to estimate survival).

Weighted mean estimates of steelhead survival from McNary Dam tailrace to Bonneville
Dam tailrace were multiplied by the weighted mean estimate from Lower Granite Dam tailrace to
McNary Dam tailrace to obtain an overall estimated mean survival probability from Lower
Granite Dam tailrace to Bonneville Dam tailrace for steelhead.

Hatchery Releases

In 1998, most hatcheries in the Snake River Basin released PIT-tagged fish as part of
research separate from the NMFS/UW survival study.  We analyzed data from hatchery releases
of PIT-tagged fish to provide estimates of survival for yearling chinook salmon from release to
the tailrace of Lower Granite Dam and points downstream.  In the course of characterizing the
various hatchery releases, preliminary analyses were performed to determine whether data from
multiple releases could be pooled to increase sample sizes.  We neither intended nor attempted to
analyze the experiments for which the hatchery releases were made.

For each hatchery, each set of releases was examined to determine suitability for survival
analysis, and release groups were pooled where appropriate.  The SR Model was applied to each
resulting data set to estimate the same probabilities as for our Lower Granite Dam tailrace
releases.  Survival estimates were not calculated for releases of hatchery and wild chinook
salmon PIT tagged as parr because release and detection numbers were not sufficient.

McNary Dam Post-detection Bypass Survival

To evaluate McNary Dam post-detection bypass survival (survival through the bypass
system including outfall), we released a series of groups of PIT-tagged yearling chinook salmon
between 2 May and 17 May.  Both hatchery and wild yearling chinook salmon were collected at
the McNary Dam juvenile collection system, sorted by Smolt Monitoring Program staff, and PIT
tagged (Iwamoto et al. 1994).  Fish handling methods such as water-to-water transfer and pre-
anesthesia were used to minimize damage and stress to fish during the sorting and tagging
process.  Tagging personnel were rotated among tagging stations periodically to avoid handler
bias.  Tagged fish were passed through a water-filled pipe to 1,300-L holding tanks mounted on
trucks.  Holding tanks were aerated and supplied with flow-through water.  Fish were held for a
minimum of 24 hours for recovery and determination of post-tagging mortality.  Holding density
did not exceed 650 fish per tank.
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On each release date, groups of tagged fish were released in two locations at McNary
Dam: 1) into a gatewell (bypass release group); and 2) less than 1 km downstream from the dam
to serve as a reference (tailrace release group).  There were 15 replicates of yearling chinook
salmon for each release location.

Bypass groups were released through a 10.2-cm-diameter hose that was 10 m in length.
The hose was tethered so that fish entered the center of the gatewell, approximately 1 m below
the surface.   Thirteen groups were released into gatewell 9C, 1 into 9B, and 1 into 8C.  All
bypass groups were released between 0700 and 0800 PST.

During the majority of bypass releases, PIT-tagged fish sorted into the “A side” of the
juvenile separator were returned to the river through the juvenile bypass pipe, while fish in the
“B side” of the separator were returned to the river through the barge loading line, due to debris
blockage in the B-side bypass pipe.  During this operating mode, about 40% of the yearling
chinook salmon were returned to the river through the bypass pipe and 60% through the barge
loading line (Paul Hofarth, Washington Department of Fish and Wildlife, pers. comm., July
1998).  During two releases (13 and 17 May), the system was operated in primary bypass mode
for several hours, during which time all PIT-tagged fish were returned directly to the river
without passing through the separator.

Fish released in the tailrace were trucked downstream to the Umatilla Marina, transferred
via 10.2-cm-diameter hose to a partially filled 1,300-L tank mounted on a barge, and taken back
upstream to within 1 km of the bypass outfall for release (Fig. 2).  To maximize the probability
of mixing of bypass and tailrace groups at downstream dams, tailrace groups were released from
4 to 7 hours after the bypass  groups (between 1145 and 1340 PST) to compensate for the time
required to traverse the bypass system for fish released into the gatewell.

Data Analysis

Tagging and detection data were retrieved from the PIT Tag Information System
(PTAGIS) maintained by the Pacific States Marine Fisheries Commission.1  Data were examined
for erroneous records, inconsistencies, and data anomalies.  Records were eliminated where
appropriate, and all eliminated PIT-tag codes were recorded with the reasons for their
elimination.  For each remaining PIT-tag code, we constructed a record (detection history)
indicating dams where the tagged fish was detected and those where it was not detected.
Methods for data retrieval, database quality assurance/control, and construction of capture
histories were the same as those used in past years (Iwamoto et al. 1994; Muir et al. 1995, 1996;
Smith et al. 1998, Hockersmith et al. 1999).

1 Pacific States Marine Fisheries Commission, PIT Tag Operations Center, 45 SE 82nd
  Drive, Suite 100, Gladstone, OR 97207.
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Figure 2.  Diagram of McNary Dam showing locations of gatewell release site, bypass outfall,
and tailrace release site.
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Tests of Assumptions

As in past years, an important objective of the studies in 1998 was to test the statistical
validity of the SR Model as applied to the data generated from PIT-tagged juvenile salmonids in
the Snake and Columbia Rivers.  Validity of the model was tested by evaluating critical
assumptions and all were generally met during 1998.

Detection distributions of McNary Dam bypass and tailrace release groups were
compared at John Day and Bonneville Dams using Chi-square tests of homogeneity to ensure
that release groups had similar passage timing.  When significant chi-square statistics were
found, plots of the passage distributions were examined visually.  Because the chi-square test is
highly sensitive to violations of equal mixing, significant test statistics did not necessarily mean
that the groups were not sufficiently mixed for valid survival estimation.

Survival Estimation

Estimates of survival probabilities under the SR Model are random variables, subject to
sampling variability.  When true survival probabilities are close to 1.0 and/or when sampling
variability is high, it is possible for estimates of survival probabilities to exceed 1.0.  For
practical purposes, we considered estimates equal to 1.0 in these cases.

When estimates for a particular river section or passage route were available from more
than one release group or pair of release groups, the estimates were typically summarized using a
weighted average.  The weight for each estimate was equal to the inverse of the corresponding
estimated relative variance (coefficient of variation squared).  The variance of an estimated
survival probability from the SR Model is a function of the estimate itself, that is, lower survival
estimates tend to have smaller estimated variance.  Consequently, if inverse estimated absolute
variance is used in weighting, lower survival estimates tend to have disproportionate influence,
and the resulting weighted mean is biased toward the lower survival estimates.

All survival analyses were performed using the statistical computer program SURPH
(“Survival with Proportional Hazards”) for analyzing release-recapture data, developed at the
University of Washington (Skalski et al. 1993, Smith et al. 1994).

For McNary Dam bypass survival, the number of unique PIT-tag detections from bypass
and tailrace release groups recorded from John Day Dam, Bonneville Dam, the PIT-tag trawl
operated in the Columbia River Estuary, and PIT-tag recoveries from bird colonies in the
Columbia River estuary were combined into a detection proportion for each release group.
Relative survival of the bypass release group was estimated as the ratio of the detection
proportion for the bypass group to that of the tailrace release group.  The series of relative
survival estimates was averaged using the geometric mean.
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Travel Time

Travel times were calculated for steelhead and yearling chinook salmon for the following
reaches 1) Lower Granite Dam to Little Goose Dam, 2) Little Goose Dam to Lower Monumental
Dam, 3) Lower Monumental Dam to McNary Dam, 4) Lower Granite Dam to McNary Dam, and
5) Lower Granite Dam to Bonneville Dam.  Travel time between any two dams was calculated
for each fish detected at both dams as the number of days between last detection at the upstream
dam and first detection at the downstream dam.  Travel time included the time required to move
through the reservoir to the forebay of the downstream dam and any delay associated with
residence in the forebay before entry into the bypass system.

To facilitate comparisons among the five river sections, rate of migration in each section
(kilometers per day) was also calculated.  Lengths of the river sections are 60 km from Lower
Granite Dam to Little Goose Dam, 46 km from Little Goose Dam to Lower Monumental Dam,
119 km from Lower Monumental to McNary Dam, 225 km from Lower Granite to McNary Dam,
and 461 km from Lower Granite to Bonneville Dam.  Rate of migration through a river section
was calculated as the length of the section (km) divided by the travel time (days) (which included
any delay at dams as noted above).  For each group, the 20th percentile, median, and 80th
percentile travel times and migration rates were determined from the distributions of travel times
for individual fish.

The true complete set of travel times for a release group includes travel times of both
detected and undetected fish.  However, travel time cannot be determined for a fish that traverses
a river section unless it is detected at both ends of the section.  Therefore, travel time statistics
are computed from travel times for detected fish only, and represent a sample of the complete set.
During 1998, substantial spill volumes occurred at all dams, resulting in lower detection rates.
From some release groups fish passed detector dams both before and after large spill volumes
began.  For these groups, the faster migrants were sampled more heavily than the slower
migrants because faster migrants arrived at the dam during the earlier period of  lighter spill,
when detection rates were higher.  Thus, the distributions of observed travel times for these
groups were biased toward shorter travel times, or faster migration rates.
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RESULTS

Tagging at Lower Granite Dam

 Steelhead were PIT tagged at Lower Granite Dam from 6 April to 5 June (Table 1).  A
total of 23,320 hatchery steelhead and 6,844 wild steelhead were handled.  Mortality from
handling and tagging averaged less than 0.3%.  An additional 15,525 steelhead (12,363 hatchery
origin, 3,247 wild, 15 unknown) that were PIT tagged and released above Lower Granite Dam
were detected and returned to the Snake River by the slide gates at Lower Granite Dam between
4 April and 12 June.  Also between 4 April and 12 June, a total of 98,503 yearling chinook
salmon (81,893 hatchery origin, 16,606 wild, and 4 unknown) that were PIT tagged and released
upstream were detected and returned to the river or PIT tagged and released to the tailrace for the
Transportation Evaluation Study at Lower Granite Dam.

Survival Estimation -- Lower Granite and McNary Dam Tailrace Release Groups

Survival probabilities were estimated for weekly groups of steelhead released in the
tailrace at Lower Granite Dam for 10 consecutive weeks from 6 April through 14 June (including
hatchery and wild steelhead PIT-tagged and released above Lower Granite Dam).  Survival
estimates (average of estimates for daily groups weighted by inverse estimated relative variance)
from Lower Granite Dam tailrace to Little Goose Dam tailrace averaged 0.930 (s.e. 0.004) (Table
2).  From Little Goose Dam tailrace to Lower Monumental Dam tailrace, estimated survival
averaged 0.889 (s.e. 0.006).  From Lower Monumental Dam tailrace to McNary Dam tailrace,
estimated survival averaged 0.797 (s.e. 0.018).  For the combined reach from Lower Granite
Dam tailrace to McNary Dam tailrace, survival averaged 0.649 (s.e. 0.013).  From  McNary Dam
tailrace to John Day Dam tailrace, estimated survival  (weighted average of 6 weekly groups of
fish detected and returned to McNary Dam tailrace) averaged 0.831 (s.e. 0.031) (Table 3).   The
weighted average survival estimate for steelhead from John Day Dam tailrace to Bonneville Dam
tailrace was 0.935 (s.e. 0.103).  The product of the average estimates from Lower Granite Dam to
McNary Dam and from McNary Dam to Bonneville Dam provided an overall survival estimate
from Lower Granite Dam tailrace to Bonneville Dam tailrace of 0.500 (s.e. 0.054).

Survival probability estimates from Lower Granite Dam tailrace to McNary Dam tailrace
were also calculated separately for hatchery and wild steelhead (Tables 4 and 5), and were found
to be similar.   Estimated survival probabilities for daily Lower Granite Dam release groups of
steelhead (hatchery and wild combined) detected and returned to the river or PIT tagged and
released into the tailrace of Lower Granite Dam are given in Appendix Table 1.  Detection
probability estimates for the weekly groups were also calculated (Tables 6 through 9).

Survival probability estimates were obtained for 10 consecutive weekly groups, 6 April
through 14 June, of yearling chinook salmon (hatchery and wild combined) from Lower Granite
Dam.  Survival estimates (average of estimates for daily groups weighted by inverse estimated
relative variance) from Lower Granite Dam tailrace to Little Goose Dam tailrace averaged 0.991
(s.e. 0.006) (Table 10).  From Little Goose Dam tailrace to Lower Monumental Dam tailrace,
estimated survival averaged 0.853 (s.e. 0.009).  From Lower Monumental Dam tailrace to
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Table 1.  Numbers of steelhead handled (N) and mortalities while PIT-tagging at Lower Granite
Dam for survival studies in 1998.  Overall percent mortality is also shown.
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Table 1.  Continued.
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McNary Dam tailrace, estimated survival averaged 0.915 (s.e. 0.011).  For the combined reach
from Lower Granite Dam tailrace to McNary Dam tailrace, survival averaged 0.770 (s.e. 0.009).
From McNary Dam tailrace to John Day Dam tailrace, estimated survival  (weighted average of 7
weekly groups of fish detected and returned to McNary Dam tailrace) averaged 0.822 (s.e. 0.033)
(Table 11).   There were not enough detections or recoveries of tags below Bonneville Dam to
estimate survival of yearling chinook salmon to Bonneville Dam tailrace.

Survival probabilities were estimated separately for hatchery and wild yearling chinook
salmon from Lower Granite Dam tailrace to McNary Dam tailrace (Tables 12 and 13), and found
to be similar.  Estimated survival probabilities for daily release groups of yearling chinook
salmon (hatchery and wild combined), detected and returned to the river or PIT-tagged and
released into the tailrace of Lower Granite Dam, are given in Appendix 2.  Detection probability
estimates for the weekly groups were also calculated (Tables 14 through 17).

Survival Estimation -- Hatchery and Fish Trap Release Groups

For PIT-tagged hatchery yearling chinook salmon and steelhead released from Snake
River Basin hatcheries in 1998, we estimated survival probabilities to the Snake River trap at the
head of Lower Granite Reservoir and downstream dams (Tables 18 and 19) and detection
probabilities at the detection sites (Tables 20 and 21).  Survival probability estimates for juvenile
salmonids PIT  tagged and released from Snake River Basin traps in 1998 are shown in Table 22.

Travel Time

Travel time statistics for juvenile steelhead and yearling chinook salmon released in the
tailrace of Lower Granite Dam are given in Tables 23 through 26.  For both species, migration
rates were highest in the lower river sections.  Migration rates generally increased over time as
flows, water temperatures, and levels of spill increased and, presumably, as fish became more
smolted.

McNary Dam Post-detection Bypass Survival

Yearling chinook salmon were PIT tagged at McNary Dam for bypass survival evaluation
from 1 to 16 May (Table 27).   Overall, a total of 56,234 juvenile salmonids were collected to
provide sufficient numbers of yearling chinook salmon for PIT tagging, resulting in an overall
mortality rate of 1.5% (Table 27).  Mortality for yearling chinook salmon from collection,
handling, and PIT-tagging averaged 1.2% (Table 27).  Spill levels during the releases ranged
from 0% of total discharge during the first release to over 50% (Table 28).  Of the total 17,873
yearling chinook salmon PIT tagged, 17,061 were released and used in the final analysis (Table
29).  Fish were removed from the analysis if they were recaptured by the Smolt Monitoring
Program at McNary Dam after release in the gatewell or if they died prior to release.

Of the 17,061 yearling chinook salmon released from McNary Dam, 16.4% were detected
at John Day Dam, 9.6% were detected at Bonneville Dam, 1.4% were detected by the PIT tag
trawl, and 1.6% were recovered on Rice Island (some were detected at more than one location).
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Table 28.  Conditions at McNary Dam during juvenile bypass evaluation releases in 1998.
Conditions measured two hours after bypass release.
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Median travel times to John Day Dam for individual release groups ranged from 3.6 to 5.6 days
(Table 29).  Passage distributions of bypass and tailrace release groups were significantly
different for 5 of the 15 releases at John Day Dam and 2 of the 15 releases at Bonneville Dam
(Tables 30 and 31).  However, passage distributions did not appear to differ sufficiently to affect
the resulting estimates of survival for any of the paired groups (Figures A1-A15).  Estimated
survival of  fish released into the bypass system (into the gatewell) relative to survival of fish
released into the tailrace averaged 94.8% (s.e. 2.65) (geometric mean) with a 95% confidence
interval from 89.3 to 100.7% (Table 29).

Comparison of Survival Estimates, 1993-1998

Estimates of survival from Snake River Basin hatcheries to Lower Granite Dam tailrace
were higher in 1998 than in 1997, and were similar to those obtained in earlier years.  Over the
years of this study, we have observed a consistent inverse relationship between the migration
distance from the  release site to Lower Granite Dam and the estimated survival through that
reach (Fig. 3).  For 1993-1998 estimates, the negative linear correlation between migration
distance and estimated survival was significant (R2 = 61.1%, P<0.0001).

For yearling chinook salmon, survival was slightly higher in 1998 than in previous years
through most reaches, while for steelhead, survival was slightly lower in 1998 than in previous
years through most reaches investigated (Fig. 4).  From Lower Granite Dam tailrace to McNary
Dam tailrace, average estimated survival for yearling chinook salmon was the highest obtained
from 1995 to 1998, while for steelhead, it was the lowest over the same time period.

Average per-project survival (one “project” is one  reservoir/dam combination) was
estimated for each year of the study (2 to 5 projects, depending on the year).  Estimated per-
project survival was lowest in 1993 and 1994, the first 2 years of the study, and higher in later
years after the spill program began (Fig. 5).
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Table 30.  Tests of homogeneity of John Day Dam passage distributions for PIT-tagged yearling
chinook salmon released into the bypass or tailrace of McNary Dam in 1998.  P values
calculated using Monte Carlo approximation of the exact method.
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Table 31.  Tests of homogeneity of Bonneville Dam passage distributions for PIT-tagged spring/
summer chinook salmon released into the bypass or tailrace of McNary Dam in 1998.
P values calculated using Monte Carlo approximation of the exact method.
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DISCUSSION

Results of the 1998 NMFS/UW survival study satisfied the research objectives:  1) to
estimate reach and project survival in the Snake River throughout the yearling chinook and
steelhead migrations, 2) to evaluate the performance of the survival-estimation models under
prevailing operational and environmental conditions in the Snake River, and 3) to estimate
yearling chinook salmon post-detection bypass survival at McNary Dam.

Survival estimates throughout the 6 years of this study have generally been higher than
estimates of survival obtained in the 1970s.  Those studies used less sophisticated methods in a
river system substantially different from today’s (Williams and Matthews 1995).  Management
strategies should not rely on outdated system survival estimates.  Knowledge of the magnitude,
locations, and causes of smolt mortality under present passage conditions and under conditions
projected for the future is essential to develop strategies for optimizing smolt survival during
migration.

Accurate and precise estimates of system survival from upstream release sites in the
Snake River Basin to the tailraces of Lower Granite, Little Goose, Lower Monumental, or
McNary Dams can be made using the SR, Modified Single Release (MSR), and Paired Release
(PR) methodologies with the PIT-tag diversion systems in place and with sufficient release
numbers.   Estimates of survival can extend to the tailrace of John Day and Bonneville dams with
sufficient sample sizes and PIT-tag interrogation at Bonneville Dam and other downstream
locations such as the PIT-tag trawl and the Rice Island bird colony.  Estimating survival over
longer reaches will permit further exploration of relationships among smolt survival, smolt travel
time, smolt quality, and environmental conditions encountered during migration.  Such
investigations are in progress, and the results will be published at a later date, primarily in peer-
reviewed journals. Data collected in the first 6 years of this study provide valuable baseline
information for evaluation of future management strategies.
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CONCLUSIONS

1) Precise survival estimates were obtained for steelhead (hatchery and wild combined)
from Lower Granite Dam to the tailraces of Little Goose, Lower Monumental, McNary,  John
Day  and Bonneville dams.  Estimated survival was 93% from the tailrace of Lower Granite Dam
to the tailrace of Little Goose Dam, 89% from Little Goose Dam tailrace to Lower Monumental
Dam tailrace, 80% from Lower Monumental Dam tailrace to McNary Dam tailrace, 83% from
McNary Dam tailrace to John Day Dam tailrace, and 94% from John Day Dam tailrace to
Bonneville Dam tailrace.

2) Precise survival estimates were obtained for yearling chinook salmon (hatchery and
wild combined) from their release points (hatcheries and traps) to Lower Granite Dam, and from
Lower Granite Dam to the tailraces of Little Goose, Lower Monumental, McNary, and John Day
Dams.  For yearling chinook salmon released from the tailrace of Lower Granite Dam, estimated
survival was 99% from the tailrace of Lower Granite Dam to the tailrace of Little Goose Dam,
85% from Little Goose Dam tailrace to Lower Monumental Dam tailrace, 92% from Lower
Monumental Dam tailrace to McNary Dam tailrace, and 82% from McNary Dam tailrace to John
Day Dam tailrace.

3) Survival for yearling chinook salmon passing through the McNary Dam juvenile
bypass system was 94.8% (s.e. 2.65).

. 4) Survival and travel time data collected during this study can be used as baseline data
for evaluation of future reservoir drawdowns or other management strategies.
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RECOMMENDATIONS

Successful validation of field and statistical methodologies in 1998 formed the basis for
the following recommendations for 1999 and future years:

1) The SR (MSR when appropriate) and PR methodologies should be adopted for
survival estimation.  Future protocols should be designed to evaluate the effects of seasonal and
environmental variation, differing capture and release protocols, expanded study areas, and
additional salmonid stocks.

2) Hatcheries should be provided with minimum release-size requirements for their PIT-
tag studies so that survival estimates from hatcheries to detection sites at dams can be made with
known precision.

3) Future survival studies should continue to be coordinated with other projects to
maximize the data-collection effort and minimize study effects on salmonid resources.

4) Improved statistical precision should be accomplished by maximizing the return of
PIT-tagged juveniles to the river through increased detector and diverter efficiency.

5) To date, little mortality has been found in Lower Granite and other reservoirs
investigated.  Estimates of survival from hatcheries to Lower Granite Dam indicate that
substantial mortality occurs upstream from the Snake and Clearwater River confluence.  Efforts
should continue to identify where this mortality occurs.

6) Increasing the number of detection facilities in the Columbia River Basin will improve
survival investigations.  We recommend installation of detectors and diversion systems at The
Dalles, Bonneville, and Priest Rapids Dams.  The development of flat-plate detector technology
in bypass systems and portable streambed flat-plate detectors for use in tributaries would greatly
enhance survival estimation capabilities.
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Appendix Figure 1.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 2 May, 1998.
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Appendix Figure 2.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 3 May, 1998.
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Appendix Figure 3.  Detecion distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 4 May, 1998.
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Appendix Figure 4.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 5 May, 1998.
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Appendix Figure 5.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 6 May, 1998.
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Appendix Figure 6.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 7 May, 1998.
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Appendix Figure 7.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 8 May, 1998.
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Appendix Figure 8.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 9 May, 1998.
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Appendix Figure 9.  Detection distribution at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 10 May, 1998.
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Appendix Figure 10.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 11 May, 1998.
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Appendix Figure 11.  Detections distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 12 May, 1998.
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Appendix Figure 12.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 13 May, 1998.
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Appendix Figure 13.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 15 May, 1998.
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Appendix Figure 14.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 16 May, 1998.
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Appendix Figure 15.  Detection distributions at John Day and Bonneville Dams of PIT-tagged
yearling chinook salmon released at McNary Dam on 17 May, 1998.


